The objective of this paper is to develop and integrate a learning module on Electric Motors Modeling, Control and Testing (EMMCT) into the Electrical Engineering Technology (EET) and Mechanical Engineering Technology (MET) programs. Preparing future engineers to work in highly automated production requires proper education and training in mechatronics theory and applications. Although Engineering Technology programs at various universities offer various courses related to the controls, electrical motors, and automation, they are not including the same methods when it comes to the selection of appropriate electrical motor for a specific application in mechatronic system. MET student do have exposure to the electrical systems in the various courses that are offered at their lower division level courses. However, these methods have to be further emphasized and applied in the upper level courses as well. This paper will present one such application and a learning module that is focused on the Electric Motors Modeling, Control and Testing (EMMCT). This module can be integrated in various controls, mechatronics, robotics, senior design and capstone courses.
Introduction
The precise control of mechatronics systems is based on their mathematical models. Hence, an accurate modelling of mechatronic systems is highly important. Mechatronics systems are made of different mechanical and electrical parts, connected in the system where actuators (pneumatic, hydraulic, or electrical motors) play a key role in determining the performance, and the dynamic characteristics. Even though, multiple courses in Engineering Technology cover topics related to the electrical technology, it is still hard for students to understand the concept of optimal motor selection and determination of its performance over load, specifically for students in Mechanical Engineering Technology. 1 Therefore, the goal of this paper is to prepare a specific learning module on Electric Motors Modeling, Control and Testing (LM-EMMCT). Direct current (DC) motors modeling involves mathematical models of electrical and mechanical parts of the motor. It also include their integration in the MATLAB/Simulink tools to practice analysis of the basic open loop DC motor system. This analysis can be used in mechatronics motion control applications, mostly in robot arm modeling and control, mobile robotics, and electric power steering control. [2] [3] [4] The education module presented in this paper can be implemented in the following seven courses which require knowledge of DC motors selection, modeling and control at the Wayne State University (WSU), Detroit, Michigan, and Old Dominion University (ODU), Norfolk, Virginia: 
Electric Motors Modeling, Control and Testing (EMMCT) + ROTATIONAL Joint
Assignment Example: The electro-mechanical system in Figure 1 represents a Single Joint robot model with flexible link. The robot has an armature-controlled DC permanent magnet torque motor for a joint. For the given set of parameters in the Table 1 , determine the following:
 Develop the electrical and mechanical equations for the electro-mechanical system.  Develop the transfer function for the electro-mechanical system.  Draw the diagram for the unity feedback control system, that is, the electromechanical system with controller and feedback using general parameters.  Calculate m K and b K using the Torque-Speed curve, and given electro-mechanical system information.  Create an .m file (Matlab) with all given and calculated parameters for the electromechanical system.  Using the given information develop the transfer function and select the appropriate Zegler-Nichols method.  Design a PID controller using the proper Ziegler-Nichols method. For the simulation use the step input.  Do some fine-tuning for the controller parameters so that you can get better performance and report all your results and conclusions.  Write conclusions.
Example of Student Work:
Figure 2: Torque-Speed Curve for DC motor Develop the electrical and mechanical equations for the electro-mechanical system.
Motor torque:
Develop the transfer function ) (
The following task is to draw the diagram for the unity feedback control system, that is, the electro-mechanical system with controller and feedback using general parameters. After that, the task is to calculate Km and Kb using the Torque-Speed curve (Figure 2) , and information from Table 1 . Assume that La is much smaller that Ra (only for calculating this two parameters). Using the information from 
Transfer function: 
The System poles from equation (15) are: s1 = -437.31; s2 = -2.08 + 1.72 i, s3 = -2.08 -1.72 i. System has dominant complex-conjugate poles and according to that we will use second Ziegler-Nichols method. 6 Design a PID controller using the proper Ziegler-Nichols method. For the simulation use the step input. 
By applying parameters from Table 1 Using the Routh-Hurwitz stability criterion presented in Table 2 , the critical gain Kcr = 418.53 and the corresponding period Pcr = 0.145 sec have been found. See Figure 5 . Some fine-tuning is necessary for the controller parameters so that the better performance can be achieved: by increasing the period Pcr = 2.5 ses, the system poles become real and negative. In this case the response is better. See Figure 6 . 
Time
From the literature 7 , by applying constant voltage V to the motor terminal, the motor shaft will accelerate according to Equations 2 and 4, and achieve a final steady state velocity. Under steady state conditions, the current is constant, and the motor equations become:
Combining Equations 18 and 19, the relation between the velocity and generated torque at steady state is given in Equation 20.
From the Equation 20, the maximum speed can be calculated if there is no load, (torque is equal to zero).
The generated torque at stall is given from 
I I
The current line, presented in Figure 8 , can be constructed from the known maximum current in Table 1 . 
RPM
, where max I is maximum current given in Table 1 . This is applied later on all motor steady state characteristic diagrams. 
Conclusions
EMMCT learning module presented in this paper covers following important topics: electric circuits, DC motor, gears, translational and/or rotational links, applications to the first principles (Ohm's law Kirchoff's laws Newton's laws), Transfer Functions, Block diagrams, Matlab/Simulink modeling, simulation and analysis, etc. Students are expected to select a DC motor and identify all needed parameters, choose a gear and load (Rotational or Translational), model the electro-mechanical system, generate transfer functions, and create Matlab/Simulink models with the appropriate controller; then, students will simulate and analyze the whole system. They are also required to do some fine-tuning for the controller parameters so that they can achieve better performance. At the end, students submit comprehensive engineering reports to document all requirements. 
